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ACTION BY NATIONAL STAFFS

4. National staffs are requested to examine page iii of the STANAG and, if they
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EXPLANATORY NOTES

AGRJWMEN T

1. Thii NATO Standardization Agreement (STANAG) is promulgated by the Chairman MAS
under the authority vested in him by the NATO Military Committee.

2. No departure may be made from the agreement without consultation with the tasking

authority. Nations may propose changes at any time to the tasking authority where they will be
processed in the same manner as the original agreement.

3. Ik@ing nations have agreedthatnationalorders, manuals and instructions implementing this

STANAG will include a reference to the STANAG number for purposes of identification.

DEFINITIONS

4. Ratification is “The declaration by which a nation formally accepts the content of this

Standardization Agreement”.

5. Imdementation is “The fulfillment by a nation of its obligations under this Standardization

Agreement”.

6. Reservation is “The stated qualification by a nation which describes that part of this
Standardization Agreement which it cannot implement or can implement only with limitations”.

RATIFICATION, IMPLEMENTATION AND RESERVATIONS

7. Page (iii) gives the details of ratification and implementation of this agreement, If no details

are shown it signifies that the mtion has not yet notified the tasking authority of its intentions. Page
(iv) (and subsequent) gives details of reservations and proprietary rights that have been stated.
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Agreed English/French Text S3&4M_LN 484
(Edition 1)

NAVYiARMY/AIR

NATO STANDARDISATIWJ AGREEMENT

@!&9

W (OCTOGENE), PHYSICAL AND CHEMICALREQUIREMENTS,
SPECIFICATION FOR DELIVERIES FROMONE NATO NATION TO ANOTHER

Annexes : A. :

B. :

c. :

D. :

AIM

Table 1 : Physical and Chemical Requlrernents for
type 1 W
Table 2 : Physical and Chemical Requirements for
type II HMX
Table 3 : Physical and Chemicsl Requ~rements for
type III HMX
Test Procedures.

1. The aim of this agreement is to establish a minitmum common
specification for deliveries of HNX (octogene) trom one NATO nation to another.

AGREEMENT

2. The participating countries agree that octogene manufactured by NATO
countries for delivery co other NATO countries - except when the oraer is
intended for special purposes - must fulfil the minimum conditions of Tables 1,
2 or 3 below.

3. The octogene shall consist essentiallyof cyclotetramethylene-
tetranitramine(HNX). It must be in the form of beta cryscals but may contain
traces of alpha form crystals. It may contain cyclotrimethylene-crinitramine
(hexogeneor RDX).

4. The three grades of HMX are essentially distinguished by their RDX
content :

type I RDX level 7 X maximum
type II RDX level 2 % If

type 111 RDX level 0,2 %. “

GENERAL

Manufacturingprocess

5. All information on the proposed rnanufacturlng process must be provided
in confidence at the request of the responsible bodies in the purchasing
country.Any deviation from this accepted process must be noted and the product
thus manufacturedmust be put aside until the responsible bodies of the
purchaserhave decided whether to accept or reject it.
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Appearance and granulation

-2-

6. The product shall be in the form of white crystals of various shapes.
In his order the purchaser must clearly specify the type of product he requires.

7. As the particle size distribution is a major characteristic of the
product, this data may be specified by the purchaser.

Definition of Lot

8. A lot shall consist of the total quantity of cross-blendedmaterial.
For noncross-blendedmaterial a lot shali consist of the quantity produced in a
single batch, or when manufactured by a continuous process a lot shail consist
of the total quantity offered for acceptance at one tiine.

Sampling

9. A representativesample (s) of at least 200 g shall be taken irom each
lot by a sampling procedure whicn has been agreed by the purchasingauthority.

IMPLEMENTATIONOF THE AGREEMENT

lu . This STANAG will be implementedwhen a country has given the necessary
orders to enforce it.

‘t
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TABLE 1
Physical and chemical requirementsof type I H~

Characteristics

RDX Content (%)

Aipha HMX content (%)

Melting point (“C)
(see note)

InsolubleMatter content (%)

Number of gritty particles
(particlesper SO g)
>0,42 or 0,50 mm
> 0,25 m

Inorganicmatter (ash) (%)

Acidity (meq~kg)

t7alue

7 max

0,5 max

277 min
275 min

0,u5 rnax

ni1
5 msx

CJ,U3max

3,3 max

Test Method
See Annex D para

2or3

3or6

8
9

11 or 12

15 or 10

18 or 19

20 or 21

note : when measuring the melting point only one of these specifications-
fih are deemed to be equivalent- should be followed.

Remark : at the purchaser’s request the manufacturermust be able to ensure by
means of an appropriate test that the explosive has a suitably low
sensitivenessguaranteeingthe absence of sensitizingproducts.

I
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Characterist

RDX Content (%)

TABLE 2
Physical an chemical requirementsof type II HMX

Alpha HMX content (%)

Cs Value Test Method
See Annex D

Melting point (“C)
(see note)

InsolubleHatter content (%)

Number of gritty particles
(particlesper 50 g)
> 0,42 or 0,5timm
> U,Z5 m

Inorganicmatter (ash) (%)

Acidity (meq/kg)

2 max

0,5 ❑ax

2d2 min
217 min
275 min

0,u5 max

2or3

3or6

7
8
9

11 or 12

15 or 16

ni1
5 max

0,u3 max

3,3 max

18 or 19

20 or 21

para

note : when measuring the melting point only one or tnese specifications -
&h are deemed to be equivalent- should be foliowed.

Remark : at the purchaser’s request the manufacturermust be able to ensure by
means of an appropriate test that the explosive has a suitably low
sensitivenessguaranteeingthe absence of sensitizingproducts.
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TABLE 3
Physical an chemical requirementsof type 111 HM.X

Characteristics

RDX Content (%)

Aipha HMX content

a. sequential count of alpha crystals
with maximum dimensions in the range
3(Jto 120Mm
Aipha crystals per 61.)0crystals....
Alpha crystals per luOO crystals...
Alpha crystals per 21)W crystals. . .

b. Alpha crystals exceeding li)pn
minimum dimension or 12U~ in
maximum dimension....0.............

c. Atlditional infra-red absorption
over that produced by pure beta HMX
in the spectral ranges 84t! to
850 cm-L and 1030 to 1035 cm-i

Meltlng point (“C)

(total (%)
Insolublematter content (

(inorganic(%)

Gritty particles. Grit retained on a :
63#m sieve (%)
250#m sieve (particlesper 50 g)

Acldicy (meq/kg)

Alkalinity (meq/kg)

Vacuum stability at 12U”C ior 40 hours
(cm3 of gas/gramme)

Value Test Method
See Annex D para

0,2 max 2or4

5

2 max*
8 WIX*

20 max

nil

ni1

270 min

0,05 max

0,U2 max

O,dl max
nil

1,7 max

4,0 max

1,0 max

5

6

10

13 or 14

17

20 or 21

20 or 21

22
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Characteristics Value Test Method
See Annex D para

Cyclohexanone content (%) 0,2 ❑ax 23

Figure of Insen$ltivenes6 55 min 24

* If more than two or more than eight alpha cryscais are counted at the
appropriate sequential step, counting shall be continued within the limits of
a maximum 20 alpha crystals per 2000 crystals.
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TEST PROCEDURES

PARAGRAPH 1

INDEX

Liquid phase chromatographyMethod
X Ray DistractionMethod
CoiorimetricMethod

Alpha NMX Content

X Ray Diffraction Method
MicroscopyMethod
Infra Red SpectrophotometryMethod

Melting point

Bloc Maquenne Method
Fisher-JohnsMethod
Heraeua Fus-U-Mat Method
Tovson and Mercer Method

Insolublematter Content

DimethylsulfoxideMethod
Acetone Method 1
Acetone Nethoo 2
Acetone Method 3

Gritty particles

Gritty particles Method 1
Gritty particles Metilod2
Grit retained on a 250 and 63 ~.m. sieve

Ash Content

Ash content Method 1
Ash content Method 2

Paragraph

1

2
3
4

3
5
6

7
8
9

ill

11
12
13
14

15
16
17

15
19
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Acidity and Alkalinity

Determinationof aciaity or alkalinity
Determinationof acidity

Vacuum atabillty

Determinationof Cyclohexanone

Figure of Insensitiveness

20
21

22

23

24
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TEST PROCEDURM

PARAGRAPH 2

RDX CONTENT - LIQUID PHASE CHROMATOGRAPHYMETHOD

2.1 Principle

The HMX1s dissolved in acetone, with an appropriate internal standard.
Assay is performed by liquid phase chromatography (HPLC).

2.2 ReaRent

- pure acetone, Analytical Reagent quality
- pure methanol, AnalyticalReagent quality
- pure acetonitrile,for HPLC quality
- pure RDX
- pure HMX
- pure dimethylphthalate

2.3 Equipment

high performance liquid phase chromatography,tiitha flow rate
self-regulatedpump
variable wave length l.I.V.detector
potentiomecricrecorder
data integrator, and data processing system
U,>flm porosity filteringassembly
solvent degassing system
comon laboratory glass equipment

2.4 Procedure

2.4.~ Instrumentalconditions

- eluant : methanol, water and acetonitrile in a 40/55/5 volume in degaaaed
mixture

- column : silica gel support, with grafted Cl& groups
- detector wave length : 220 nm

2.4.2 Standard solution preparation

Dissolve about :

10 mg of RDX
10 mg of W
10 mg of dimethylphthalate
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weighed to within 0.01 mg. in 100 cm] of acetone.

2.4.3. Preparationof the solutionto be anelvzed

Dissolveabout 1 g of the HNX (or the RDX) to be analyseds weighed
to within 1 mg, in 100 cm~ of acetone,with about 10 mg of dimethylphthalate
weighed to within 0,1 mg.

Filter throu@i 0,5 m porosityfilterS.

2.4.4. Dosage

Inject 3 mmj.

Standard mnd tested solution injections must be performedunder the
same operatingconditions.

2.5. Expression of the results

Let :

A, be the height of the compoundi peak
At be the height of the dimethylphthdate
mi md mc the respectivemasses.

‘lhen, the response coefficient is

Results : let M be the high explosivemass, used for dissolution:

% KFL X AL X 100
percentage of compound i = — x

M At

2.6. Note : typical chromatomm

2.6.1. column

- Stainless steel
- length : 25 cm
- interior diameter : 4 M
- fillin6 : lichrosorb W 18 “ 5 we (Nerck)
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2.6.2. Experimentalconditions

Eluant : methanol- water - acetonitrile40-55-5
Ehsnt flow rate : 0,8 ml/min
Pressureat the column’s top : about 200 bars
Teapermture : 35*C
Wave lengthof detector : 220 m
Injected volume : 3 Ml

2.6.3. T-wicalchromatoram

See page D-5

. ---- . . . . - . . - n .-.”-
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HNX containing about 0,5 % of’ RDX
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TEST ~ums
PARAmAPN 3

RDX CONTENT/ALPHA NMX CONTENT - X RAY DIFFRACTIONMETHOD

3.1. Principle

The alpha IMX, beta NMX, end RDX content Of ~ are determined by X-ray
diffraction. The patterns for alpha HMX, RDX, and beta W indicate
characteristic diffraction at 17.710 degrees end 25.10 degrees two theta,
respectively, for RDX and alpha HMX in the presenceof beta N14X.Background
intensities for RDX and alpha NMXcan be measured at 16.go degrees end
24.10 degrees two theta,
determined by difference.

3.2. Reasents

Acetone (50Z aqueous
1,2 Dichloroethsne
Diethylether
Dimethylsulfoxlde
Distilled Mater
Glacial ●cetic acid

respectively. Beta HKK. the major component. is

solution)

HNX (from a high purity production batch
Nitric acid (70 %by weight)
RDX (from ● high purityproduction batch
SoCMus acetate

3.3. ADvaratus

3.3.1. X-Ray diffractometer. Philips Electronic Instrument X-RSY
diffractometer (or equivalent) equipped with voltage and current
stabilizer, Scintillation detector. end copper target tube. The energy
source of the instrument should be capable of en excitation of 40 kV and a
filament currant of 20 ma. A pulse height analyzer capable of passing
copper K radiation should be used. A nickel filter may be used to remove
copper K radiation. Tube voltage and filament current can be selected by
analyzing five of the calibration standards at two different settings.

3.3.2. Laboratory glassware and equipment

Beaker (11)
MediumPorositycruciblefilter
Vacuumoven
Balance
Wrist actionshecker
Frittedglass crucible (fine porosity)
FilteringFlask
ConicalFlask
Vacuum source
250 ml ErlenmeyerFlask
Graph paper
Mortar

.—
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3.4. Procedure

3.4.1. Equipment operation. The X-Ray equipment is operated in
accordancewith the manufacturer’sinstructions.

3.4.1.1. Beta H?4X. Obtain a sample (approximately1/2 pound)of a
production batch of high purityHMX. Place the sample in a beaker end add
four parts (by weight) of a buffersolutionand heat at 90°C for two hours.
(Buffer solution 6,o Cd glacial acetic acid end 13.6 g sodium acetate
diluted to one liter (PH = 4.6). Filter the slurryusing mediumporosity
crucible.Dry the HMX at 100”C for two hours.

3.4.1.2. Alpha HMX. Add 4g of the purifiedbeta HMXto 80 cm3 of (70%.
by weight)nitric acid. Heat until the HMX dissolves.Filterthe solut,jon
with filterpaper and cool slowlyto 30”C. After one hour, filter the
slurry using a medium porosity crucible.Wash the precipitatethoroughly
with distilledwater. Dry in a vacuumoven at 60”c for two hours.

3.4.1.3. RDX. Obtain a 100 g sample from a productionbatchof high
purityRDX. Heat the sample with fourparts.
at 90” for two hours.

(by weight) of buffer solution
The buffer solution is preparedas describedin

2.1.1. Filter the slurry using a medium propositycrucible.Dry the RDX at
10C”C for two hours. Heat I part by weight, RDX and 1-1/2parts by volume
dimethylsulfoxide(DMSO)to 92-96*c.If necessaryadd up to 1 additional
part DMSO in order to dissolvecompletelyall the RDX. Digestat 92-96°C
for 30 minutes. Md distilledwater until solutionbecomes cloudy.Reheat
until the solutionclear, then cool rapidly to room temperatureand filter.
Hash and dry a small sampleof the precipitatefor purityanalysisby the
EDC procedureas describedin paragraph4.2. Repeat the aboveprocedure
until a very pure product is indicated.Wash with 50% aqueousacetone,Dry
at 100”Cfor 2 hours.

3.4.2. Purity analysis of RDX standard. Prepare RDX solvent by
stirring 1,2 dichloroethene at room temperaturefor four hours in contact
with HMX crystals. Volubility of HKX in 1,2 dichloroethene at room
temperature (24”c) is 0.02 gper 100 cmJ. Accurately weigh approximately
0.2 g of the RDX calibration standard (as per 4.3) to the nearest 0.1 mg
into a tared 125 d gl~s stopperedconical flask. Add 100 cd of 1,2
dichloroethane that has been saturatedwith HMX. Securethe glees stopper
and shake the flask on a wrist action shaker for one hour. Accurately weigh
a fine porosity 30 cm~ frittedglasa cmcible and place it on a filtering
flask. Apply vacuum to the filtering flask and transfer the contents of
conical flask into the crucible with saturated 1,2 dichloroethme.Wash
residuein the crucible2 timeswith 100 cmj portionsof diethylether.

Continue the application of vacuum for 15 minutes in order to dry the RDX.
Place the cmcible in a desiccator; allow it to come to room temperature
end weigh crucible end insoluble residue. The insoluble residue is HMX.
Therefore,the percentageof RDX in the sample is :

(Ug-Ur) x 100

Ug

kTATn lr*ToI Acc1cl17n
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where : Wg - is original saaple weight, g.
W - iS insoluble Z’@idlle weight. g.

3.4.3. Calibration Standards. Preparation of calibration standard
samples, Prepare 5 g samples of the calibration standard mixtures listed in
Table I as follows. Accuratelyweigh to the nearest0.1 mg. The ingredients
listedin Table I (usepurifiedmaterialsuhich pass through a US STD Sieve
No. 260) in the proper proportions to yield a 5.0 g sample. Place the
ingredients in 250 cm3 Erlenmeyer flasks and mix thoroughly for a minimum
of three hours with a wrist action shaker.

Table 1 - Composition of calibrationstandard mixtures

Beta HMX, %

99*7O
99.40

g::
97.00
96.00
95.00
99.00
98.00
97.00
96.00
95.00
94.00
93.00
92.00
91.00
90.00

Alpha NMX, %

0.30
0.60
1.00
2.00

:::
5.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

RDx, %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
2.00

:::
5.00

f:;

9:00
10.00

~.!J.~~alfbration p~cedure. use the X-ray diffraction apparatus to
measure the angular intensities of the calibration standard mixtures at
16.90,17.81,2~.10 md 25.10 degrees two theta as outlined in 4.5. Use the
X-ray diffraction data obtained for the calibration standard curves as
indicated below.

RDx - Plot the correctedintensity (CPS) at 17.81 degrees two theta
vs RDX concentration,weightpercent.(Cume I, page D-II).

.
Alpha H?4X- Plot the corrected intensity (CPS) at 25.10 degrees two
theta vs. alpha HMX concentration,weight percent. (Curve 11,
page D-12).

Correctioncurve for detemininu alpha HMX in the presenceof RDX. Plot the
corrected intensity(cps)
percent.for thosesamples

AT ~5.10 degrees vs RDX concentration,weight
free of alpha HMX. (CurveIII. PW D-13).
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3.4.5. Preparation md Analysis of M% sample.Reduce the HMX sample
particle size to less than 62 micron.HMX particlesize is usuallysmall
enough to permit analysisas received.It ❑ay. however,occasionallybe
necessary to crush lightlythe materialin a mortar.RecrystallizedHMX
requires grinding in a mortar to reduce the particle size.This is
accomplished safely by grinding0.1 g portionsin smtilmortar.A sample
size fo grinding0.4 g is requiredto properlyfill the cavity type sample
holder. Press sample into cavityof sampleholder.Place aluminiumsample
holder (grooved side dokm) on a very smoothsurfacesuch as poiished
stainlesssteel. Place sampleinto cavityof holderand press with spatula.
Add additionalpowderedsampleand hand press by placinga stainlesssteel
block over the cavityarea and exertingpressurewith hand 25 to jO kg is
sufficient). Remove sample and holder and examine surfaceof sempieon
groo~’edside of’ sampleholder. Samplesurface must not have any voids, -
cracks,etc. Remove looseexplosivefrom sampleholder.The groovedside of
the sampleholder must be completelyfree of particlespri:r to insertion
into the diffractometer.

IntensityMeasurement.Removeshield from diffractometer(shuttersmust
be closed at all times when intensity measurementsarrenot beingmade) .
Insert sample.The groove on a sampleholdermust be coincidentwith the
groove on the goniometeraxis of rotation. The rear edge of the sample
holder must be flush against the sample stage.Replacethe shieldbeing
careful not to move the sample. If the electronicpanel is maintained
ready, move toggleswitch to the up position.Set diffractometerto 16.990
degrees tow theta.Open sh~tterson X-ray tube towerby pullingout as far
as possible.

After the 30 seconds. push toggle switch toward scan to print out the time
registered on rate meter dekatron tubes. Reset goniometer to 17.81o degrees
two theta.Repeat above.Reset goniometerto 24.100degrees two theta.
Repeat above. Reset gonioaeterto 25.100degreestwo theta.Repeat.Close
shutterson X-ray tower.When no additionalsamplesare ready for analysis.
turn off electronicpanel by moving toggleswitchdownward.

3.5. Calculationand Reporting

Interpretation of Data. Record the counts (times 10-1) that are
accumulated in 100 seconds,that are printedout under the respectivetwo
theta angle. Place the decimalpoint one place to the left in the printout
to obtain the representative counts per second (CPS).Subtractcps at
16.900 degrees two theta from cps at I7.81o degrees two theta. This is the
intensity (cps)due to the RDX percent,Oppositethe cps obtained,read the
RDX concentrationfrom curve I (RDXcalibration curve).Subtractcps at
24.10 degrees two theta from the CPS at 25.10 degreestwo theta.This
intensityis due to alpha HMX. If the RDX concentration is greater than 1%,
determine from curwe III the correction required by readingthe cps
opposite the RDX percentage.Subtract this correctionfrom the cps. From
Curve 11, read percentagealpha HMX compositethe intensity(correctedor
uncorrected).

!

NATO UNCLASSIFIED



.

NATO UNCL ASS IF IED

D-n ANNEX D m

(Edition 1)4
STANAG 2~

cURVE I

CALIBWTION CURVE FOR THE DRERMINATION OF RDX IN PRES~CE OF
BnA HMX

. . . ---- . . . ---- --
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o t 2 3 4 5

AlphA-91U, Z

CURVE II
CALIBRATIONCURVE FOR TNE DHERMINATION OF ALPHA NM IN PRESENCE OF

B~A NW

., .--,, ., /’T, ● “”. F-r F-m



NATO UNCL ASS lFIED

D-13 ANNEX D @

(Edition l;
STANAG 284

CURVE 111
ALPHA HNX ANGULAR INTENSITY CORRECTION AS A lllNCIYONOF THE

RDX CONCENTRATION
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TEsTmocmums
PAMGRAPH 4

RDX COfWEhT- COLORIM~IC MEIHOD

4.1. Principle

Interactionof RDX and sodiumnitroprussidein alkalineaqueousacetone
gives a green solution with an absorption band at 625 to 635 nm.
Measurement of the opticaldensity affordsthe method of determination.
Pure HMX develops no colour under the conditionschosen. A calibration
graph is prepared with known quantitiesof RDX in HMX. 1: is necessary to
adhere rigidly to the conditions for the development of the colour.

Q.2. @paratus

A suitableUVjvisiblespectrophotometer.

Icejwater-bath

4.3. Reagents

Aqueous acetone, 50 per cent. Mix equal volumesof water and acetone.
both ot which should be 20 t 2*C.

Sodium nitroprusside solution. Prepare fresh each day. Dissolve
c.16 t 0.001 g of sodiumnitroprussidein water to make 300 d of solution.

Sodium Hydroxidesolution.0.25050.002 M.

RDX-free HMX. Weigh 25 3 1 g of Type 111 HMX into a paperextraction
thimble. and extractit with 500 cm] aqueousacetone.Cool, and filteroff
the extractedHMX, washing it firstwith aqueousacetone,thenwith water.
Ensure that no sensitivepolymorphsof HKX are present,and dry for 2 hours
in an oven at 103 f 2-C.

4.4. Procedure

Place 10 5 0.1 g of the sample,previouslydried in en oven for 2 hours
at 103 t 2*C, in a paper extractionthimble.Extracton a water-bathwith
50 cm3 of aqueous acetone, using a vapour extraction tube a 100 cm3
flat-bottomedflask and an efficientcondenser.

Continue the extractionuntil complete,then allow the contentsof the
flask to cool, agitatingit from time to time. Make the volume UP to 55 cm’
with acetone : this additionshould not be more than 5 cm3.

Attach a small piece of glass tubing filledwith glasswool to the tip
of a 5 C*3 pipetteusing a short piece of rubbertubing.Using this as a

NATf3 IIN~l ACQIFIEn
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filter. pipette 5 cm3 of the sampl. extract into ● 25 ed stoppered flask.
removing
following

7.5

7.5
1.0

the filter before emptying the pipette. Add to the flask the
reagents by burettes, shaking the flask during each addition.

=.3 acetone

cmJ sodium nitroprusside solution

1

in this order

CM3 0.250 u sodium hydroxide Solutio

Immerse the flask in an ice-cold water-bath For 4 hours, and then
remove the flask from the bath and measure the optical density of the
solution at 625 to 635 nm. Use a 1 or 4 CM cell according to the intensity
of the colour, and water in a similar cell for referance.

Determine the amount of RDX present (Wl) by reference to the
calibration graph (see clause 5).

NOT& : To avoid interference from condensation on the outside of the cells
it has been found to be useful to swab both the sample end water cell faces
with the dilute surfact~t solution.

4.5. Preparation of calibration graph

Prepare a number of standards by weighing accurately amounts of dry RDX
over the range 0.001 to 0.026 g into paper extraction thimbles end adding
10YO.1 g of RDX-free HMXas prepared in clause 3. Proceedby theaethod
meviously described in clause 4.1 to obtain the optical densitiaa. Prepare
; calibra~ion graph by plotting optical density ag&st ❑ess of RDX.

5.6. Reportine

% RDX content = WI x 10

where WI = Mass of RDX in saaple.
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ALPHA HMX CONTENT- MICROSCOPYMEfHOD

5.1. Principle

A small amount of the explosiveis dispersed in a liquidof refractive
index 1.563* 0.001 (at 23*C) and the a HMX crystalspresentdetected
microscopically using a polarizingmicroscope.The procedureis concemwd
with crystalswith a maximum dimension greater than 30 pm or a minimum
dimensiongreaterthan 10 pm.

j.2. Definitions

For the purposeof this method, the minimumdimensionsof a crystal,as
viewed under the microscope, is taken to be the dimension shown by the
crystal at right-angles to the directionof the major dimensions.(This
avoids the possibility of a large elongated triangular crystal.for
example,being consideredto have zero minimumdimensions).

A large alpha HMXcrystal is considered to be :

one with a maximum (major) dimension exceeding 120 ME or
one with a minimumdimensionexceeding10 M.

5.3. Apparatus

A polarizing microscope having a magnification of 60 to 90 times,
fittedwith a rotatingobject stage, an attachablemechanicalstage,and an
eye-piece containinga calibrated squared grid,The grid is used to define
the field of view and to determine the size of the crystals.

5.4. !ksK!2x

Immersion liquid. Add I-bromonaphthaleneto bromobenzene until a
refractiveindex of 1.563k 0.001 at 23*C is obtained.

5.5. Procedure

Transfer successivesmall portionsfrom variousparts of the sampleto
a 10 cm3 beaker until there is approximately 2 g of the sample in the
beaker. Dry the beaker end contents for 2 hours in an oven at 103 * 2*C.

Wet a small amount of the dried samplewith a minimum amount of the
immersion liquid. Take a small portionof the ~tt~ sample, and prepare a

., , m ,-, ., . . m . , c. m . r- . - -
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slide using the immersion liquid. Secure the slide on the aechenical stJlg’e.
and bring one cornerof the main wsss Of product crystals into the field of
view. Carry out the examination with the polarizer in position. Count the
total number of crystals of any type that are seen within the grid and that
have a maximum dimension of over 30 w or a minimum dimension greater that
10 w. Identify the alpha HMXcrystals among these by rotating the stage to
two extinction positions 90” apart, at one (at least) of Which * e.Mha
HMX crystals will disappear (i.e. match the background). ~UXW that the
extinctionoccurs in these positions by inserting the snalyser. Count these
alpha HMXcrystals, and record their size if the maximumdimension exceeds
120 w or if the minimum dimension exceeds 10 w. Return the rotating stage
to its original setting,and move the ❑echanical stage to the next field of
view. Continue the examination until 200 crystals have been examined.
Prepare new slides and repeat the examination until the requisite number of
crystals have been examined.

s.6. Reporting

Report (a) the number of alpha HNX crystals with maximum dimensions in the
range 30 M to 120 K per 600, 1000 and 2000 crystals* -
appropriate :

(b) the number of alpha W crystals exceeding 10 w in minimum
dimension or 120 PM in maximum dimension.

,
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TEST P~uREs
PMAGRAPH 6

ALPHA HMX CONTENT - Ih_FR.A-REDSPIZITIOPHOTOME’fRY~OD

6.1. Principle

A sample of the explosive is ground in the
paraffin and the a NW contentof the resultant
i?fra-redspectrophotometry.

6.2. Apparatus

presence or pure liquid
paste is determinedby

A double-beam.recordingin?ra-redspectrophotometer

Polishedrock-saltplates, ~0 x 40 x 5 mm.

Aluminium, lead or polyte:rafluoroethylenefoil nominal thicknessof
O.oj mm.

A ball mill of approximately 130 mm internal diameter (approximately
1 litre capacity) with a tight fitting lid containing twenty 25 mm
diameter, end five 20 mmdiameter ceramic balls.

6.3. Reagent

Liquid paraffin,pure, to Def Stan 65-14/1or equivalent.

6.4. Procedure

Place the ceramic balls in a clean.dry ball mill jar and add 2,0 cm~
of pure liquid paraffin from a hypodermicsyringe.Shake the jar until all
the balls and the inside of the jar are coated with liquid paraffin.Add
U kO.01 g of the sample. previously dried in en oven for 2 hours at
103 f 2-C, to the jar end mill for 30 * 1 minutes at approximately 80 revo-
lutions per ❑inute.

(CAUfION : The milling operationmust be done under remote control. ) Remove
the paste.

Place a thin wedge of the paste down the centreof a rock-salt plate.
Place a thin strip, not more than 5 mm wide, of aluminium, lead or polY-
tetrafluorcethylene foil, 0.05 mm thick along each of two opposite margins
of one face of the plate. Fit another rock-salt plate on top of the first
one and press down gently until the paste spreads out, end the top Plate
bears down firmly on both spacers.

Place this cell in the sample beam of a double-beam IR spectrophoto-
❑eter and place a similarly preparedcell of pure 9 HMXin the reference

NATO L?NCLASSIFIED
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beam. Adjust the spectrophotometer by means of the optical balance. or
using a wedge-cell, or by the use of a suitable dilution with rock-salt in
the reference cell or by any other suitable combination of these methods so
that it records 90 per cent transmission at a wave number of 995 cm-i. Run
the spectrum from 1100 to 950 CM-l.

In the absence of RDX the spectrum should reveal no evidence of
adsorption at 1035 to 1030 cm-l additional to the normal absorption due to
the pure P HMX. If RDX is present, the band at 8s0 to 848 cm-l may be used
instead but, being a weaker band, the sensitivity is somewhat less.

6.5. Reporting

Report the percentageof alpha HMX in the sample.

NrAl”n IINrIACQIEIF~
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TEST PROCEDURES

PARAGRAPH 7

MliL1’INGPOINT - BLOCK MAQUENNE METHOD

7.i Principle

The instantaneous❑elting point of
temperatureat which melting occurs in
piaced on the block Maquenne.

The melting point is determined by
explosive.

the high explosive Is the ❑inimum
less than 30 seconds after the H.E. is

comparison with that of a standard

7.2

7.3

7.4

Reagents

Standard lot of HMX.

Equipment

A block Maquenne with electrical heating and shielded from air currents.

A thermometerwith 0,5°C graduations.

Procedure

A tew grams oi homogenized material are dried at 100”C
pulverized to a fine powder.

Select a thermometer (7-3) such that the reservoir can
central portion of the block and the column is as short as
location of the reservoir on the block. The surface of the
perfecly clean.

for one hour and then

be located in the
possible.Mark the
block must be

Regulate the block heating rate such that the temperaturerise is bout
1°C In 2 to 3 minutes in the zone corresponding to the melting point area.

Place a very small quantity of material on the block such that the crystals
are spread over the temperature reservoir.The melting occurs in less than 30
seconds after the material is placed on the block.

“
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Repeat the test on the standard explosive with the same
thermometer positioned exactly in the same place.

7.5. on of

Let:

t. - the accepted melting point of
t, = the temperature obsenredwhen

melted
t, . the temperature -obsened when

materialmelted
t = the meltingpoint of the teSt

Then:
t=t,+t.-ta

the standard lot
the test material

the standard

material
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MELTING POINT - FISHER-JOHNSMETHOD

8.1. Principle

Determine the temperature at which a sample of HMX trSnSltiOnS from

solid to liquid state.

8.2. Reagents

HXX (representativessample from batch].

8.3. Apparatus

- Fisher-Johnshot stage meltingpoint apparatus.
- Small agate mortar.
- 18mm d~ametercover glasses.

8.4. Procedure

A Fisher-Johnsor equivalenthot stage meltingpoint apparatusis used
to determinethe meltingpoint of HMX. The thermometerof the apparatusis
calibrated using appropriate melting point standards. Ii portion for the
sample is ground in a small agate mortar and a very smell quantity
(approximately 0.05 g) of the finely pulverized sample placedbetweentwo
clean i8 mm diameter cover gl=ses. These are gently but fimly pressed
together end placed in the circular depression on the stage. The PowersCat
is turned up and the unit allowed to heat.The heating rate may be very
rapid to within 15*C of the melting poin:.Thereaftera heatingrate of
approximately1*C per minute is used.

8.5. Calculation and Reporting

When the sample begins to melt. the thermometer is read end the
temperature reading, adjusted to reflect the thermometer calibration
correction,is recordedas the meltingpoint.



NAT() UNCLASSIFIED

D-23 DtQ
STANAG
(Edition 1)4

2a4

TEsTmocmums
PARAmAPn 9

MELTIXGPOINT HERAEUS FUS-O-MATMETHOD

9.1. Apparatus “

Heraeus Fus-O-Mat

9.2. Procedure

A portion of the explosive sample shall be finelyground in an agate
nortar. A very small quantity (5-10mg) of the pulverized sample is filled
to a height of 3 to 5 ma into the 1 mm diametermeltingpoint tube.

The stainless steel encased thermocouple is positioned in the sample
materialso that it reachesthe bottom of the melting point tube.

The prepared tube is then placed in the heating oven and fastened. The
plotter is adjusted to the proper range and the ‘Start”button of the
Fus-O-Matis pressed.

A heating rate of 100”C/min may be chosen to within 30 to 40”C of the
melting point. Thereafter the heating rate is reduced to 10*C/minand the
plotter is engaged to record the temperaturecurve.

After completion of the melting process, for HK% the beginning of
decomposition. both oven and platter are shut off. The thermocoupl~ is
removed from the melt. cleaned with acetone, end returned to the storage
tube. llte used melting point tube is discarded.

9.3. Determinationof the melting point

The melting process is marked in the recordedcurve by a momentary
pause in the rate of temperature increase (point of coalescence). It is
immediately followed by the exothemic decomposition reaction of the HUX.
The melting Point (temperatureat the beginningof the meltingprocess) Is
taken from the temperaturecurve me shown in the following fiwm PW
D-23.
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T, s BeginningOf melting (meltingpOint)

TC = End of melting
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MELTING POINT - TOUNSON AND MERCER METHOD

10.1. Principle

The melting point is determined on a finely ground sample of the
explosive contained in a capillary tube using en electricallyheated
melting point apparatus. The melting point is recordedes the temperature
at which the first signs of liquid appear.

10.2.Apparatus

Electricallyheated

Melting point tubes

Ghas thermometers
divisions.

10.3. Procedure

meltingpointapparatus.

supplied by the manufacturerof the apparatus.

covering the range 140 to 300”C graduated in 0.5°C

Take a representative sample of approximately1 g and finelygrindby
any approved method. Dry the finely ground HMX for 4 hours in an oven at
103 t2”c. Introducesufficient of the ground sample into a melting point
tube to give a height of about 5 mmafter tappingdown. Insert the tube in
the apparatuswhen the thermometerregisters250”C. Increase the temperatu-
re at a rate of 2 to 3*C per minute and record the temperatureat which the
first sign of melting is obsexwd. APPIY enY temperature corrections for
the thermometeras required.

10.4. Reporting

Report the temperature (corrected)at which
appear es the melting point of the explosive.

the first signs of liquid
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TEST PROCEDURES
PARAGRAPH 11

lNsoL~ER coNTE~Fo~IDE WXXQQ

11.1. X!AnGJu

Dissolving the explosive in DMSO, filtering the solution
through a cmcible, and weighing the residue.

11.2. R!2&cxS

Dimethylsulfoxide

11.3. -en~

- 250 ml beaker

- filtering quartz crucible with a porosity of 20 to 40
micrometers

- water bath

11.4. Proce Ured

In a 250 ml beaker, weigh 10 g ~ 2 g of dry explosive to
within 0,1 g (m). Dissolve it in 50 ml of DMSO by heating the
beaker and solution in a water bath. Filter through a crucible
that has been calcinated at 700 ~ SO-C. Wash the crucible with -
50 ml of acetone.

Dry for one hour at 100”C and weigh to within 0,1 xag (m,).

11.5. Exn=ssion of the r=ul ts

(ma -m,) x 100
Percentage of insoluble matter = ---------------

m
Where:

m = the mass of the dry explosive in grams
ml = the mass of the empty crucible in grams
mz = the mass of the crucible containing the insoluble

mater in grams

I
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11.6 W

This test can
20$) by accounting
insolublematter.

be performed with damp explosive (up to about
for the moisturein reportingthe percent
The resultant expression is:

(% - Iq) x 100
Percent insoluble matter . ----------

m (1OO-H)

Where:
--

m= the damp explosivemass in grams
H = the percentagemoisture
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INSOLUBLE.!L4’ITERCONTENT- ACl?fONEMEfHOD 1

12.1. Principle

The explosive is dissolved in hot acetone and then filtered through a
sintered glass crucible. Any residue is dried and weighed.

12.2. Apparatus

600 al beaker
Medium porositypyrex filteringc~cible
Muffle furnace
Analyticalbalance
Air drivenmotor or stirringrod
Watch glass cover
Steam heatedhot plate

12.3. Reagents

Acetone.technicalgrade.

12.4. Procedure

Weigh an approximately 10 g fxntion of the sampleaccuratelyto the
nearest0.001 g, place the sample in a 600 ml beakerand add 400 ml of fil-
tered acetone.Cover the beaker with a watch glass and place the beakerand
contents on a steam bath. Stir occasionallyuntil all of the KM)(has dis-
solved. Additionalacetone may be added if required.Filter the HMX solu-
tion througha medium porosity pyrex filtering cmcible, whichhas been
ignited in a muffle furnace at 700 * 20”C,
0.0001 g.

and tared to the nearest
Transferany remaininginsolublematerial from the beakerto the

cruciblewith aid of a stream of acetonefrom a wash bottle.Wash the mate-
rial remainingin the cmcible three timeswith 20 ml portionsof acetone
and aspirateuntil the odor of acetone is no longernoticeable.Dry the
crucible in en oven at 100 f 5°C for thirtyminutes,cool in a desiccator
and weigh to the nearest 0.0901 g. Reservethe cmcible and contentsfor
determinationof inorganicinsolublematerials.

12.5.Reporting

PercentAcetone InsolubleMaterial=
(A-B) X 100

w

Where A : the final weight of the acetone insoluble materialand the
cmcible in grammes.

B : the tare weight of the cruciblein grammes.
w: the HMX sample weight in grzsates.
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INSOLUBLEMA’lTERCONTENT- ACEIUNEUE1’HOD2

13.1. Principle

lhe explosiveis dissolved in hot acetone and then filtered through a
sintered glass crucible. Any residueretainedis weighed.

13.2. Apparatus

Sinte-d glass crucible Grede P16(G4) complying with SS 1752.

13.3. Remrents

Acetone analytical reagentgrade.

13.4. Procedure

Place a portion of the samplees receivedequivalent to 10.0 t 0.1 g
dry mess in a 1 dmj beaker, add 600 to 700 cmJ of analytical reagent grade
acetone. Cover with a clock-glees and heat on a boiling water-bath until no
more material will dissolve. Filter the hot solution through a tared P16
(~) sintered-glass crucible (Hl) tsking care to transfer all the insoluble

■atter to the czucible. Wash thoroughlywith 100 cm3 of hot acetone to
ens- that no crystals of HKX have been left on the bottom of the
crucible. Dry the cruciblefor 30 to 35 minutes at 103 t 2-C. Allow to cool
in a desiccator and reweigh (Wz).

13.5. Reporting

Total insolublematter presentper cent ● (W2 - W,) x 10.

NctTE: If the quantitative result exceeds the specificationlimit the
materialmust be retainedfor examination.

I
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INSOLUBLEMATTER CONTENT - ACETONEMETNOD~

14.1. Principle

The explosiveis dissolvedin acetone,filteredthroughpaper-pulppad,
which is subsequently ignited at 600”C and the amount of residue
determined.

14.2. Apperatus

Shake a mixtureof gravinetricquality filter-paperend water in a tall
bottleuntil the paper disintegrates.Prepare a pad of this paper-pulpon a
perforated porcelaindisc in an ordinaryglass filter-funnel.as in the
preparationof a Gooch crucible.Finallywash the pad with acetone.

14.3. Reagent

Acetone analyticalreagentgrade.

14.4. Procedure

Prepare a hot solution of a portion of the sample as received
equivalent to 10.0 k 0.1 g dry mass by dissolvingit in 600 to 700 cmj of
analytical reagentgrade acetoneand filterit with suctionthroughthe
prepared pad. Wash thoroughlywith hot acetoneand continuesuctionfor a
minute or so to remove most of the residualacetone.

Transfer the pad with insolublematter (using a mounting needle)to a
tared crucible (W3), Clean the inside of the funnelwith .Spiece of
filter-paper and add this to the crucible.Ignitethe pad in the crucible
until all the carbonaceousmatter has disappeared, and finally heat at
fit 10-C for 10 to 15 minutes.(CAUTION: this operationmust be performed

a fume cupboardwith full ventilation.) Allow the crucible to cool in a
~~siccator and reweigh (W*).

14.5. Reporting

Inorganicinsolublematter per cent = (W4 -W3) Xlo.

NOTE : If the quantitative result exceeds the specificationlimit the
materialmust be retained for examination.

I
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TEST PROCEDURES

PARAGRAPH 15

GRITTYPARTICLES- METHOD 1

15.1 Principle

Extraction of the explosive through a sieve by
solventand verification of the nature of the remaining

means of an appropriate
gritty particles.

15.2 Reagents

Dmethylsulfoxide (DMSO)

15.3 Equipment

Metalic sieve with 0,5 &I and 0,25 mm mesh wire screens. Finding the
gritty particles ia easier with 5 cm diameter sieves.

15.4 Procedure

Place the 0,5 mm mesh screen over the 0,25 rmnmesh screen. Place
50 ● 2 grams on the u,5 mm mesh screen. Extract with DMSO. Once the extraction
is completed, collect separately the particles remaining on the two acreena.
Check the nature of the gritty particles by placing them one by one between two
glass plates which are slid on against the other. Gritty particles will grind
and scratch the glasa. Count the number of gritty particles retained on ●ach
screen (nl and n2).

15.5 Expression of the results

Number of gritty particles:

>o,5mm : nl (held on 0,5
0,5- U,25 : n2 (between0,5

m ❑esh screen)
and 0,25 mnn)
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GRIITYPARTICLES- MEXllOD2

16.1. Principle

The explosiveis extractedwith acetoneusing a Soxhletextractor.The
number of particlesretainedon 420 and 250 wm sieves are countd.

16.2. Apparatus

Soxhlet extractor
Steam bath
U.S. StandardNo. 60 sieve
U.S. StandardNo. 40 sieve

16.3.Re~ent

Acetone analytical.

16.4.Procedure

A 503 0.5g sample of HMX is transfermsd to a thimble of Soxhlet
extractor and placed in the Soxhlet apparatus or other suitableextractor.
Sufficientacetoneis added to the flask and the specimenis extractedon a
steam bath until all HHX is dissolved. Any insoluble material in the
thimble is transferred to a U.S. StandardNo. 60 sieve complyingwith
specification RR-S-366. The particles are counted. The particlesare
brushed on a U.S. Standard No. 40 sieve, and any that are retainedare
counted.

16.5,Reporting

Report the number of particles on the No. 60 sieve (250 W)
ReWrt the number of particles on the No. 40 sieve (420 wm)

.

I

I
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D-INATION oF ORIT/GRI~ pARTICLESR~AINED ON A 250 AND/OR 63 LUOsI~

17.1. Principle

The explosive is extracted with acetone using a modifiedsoxhlet
apparatus.Any residueis weighed and examinedfor ~itty particles.

17.2. Apparatus

An extraction
suitable condenser

apparatus comprising en extractor
and containinga tall cylindrical63

body fittedwith a
MM sieve supported

on a trianglein a glass

Sieves 63 w and 250

17.3. Reagent

dish. (SeeDisgrempage D-34).

* complyingwith BS 410.

Acetone analyticalReagentGrade,

17.4. Procedure

place a portion of the sampless receivedequivalentto 50 f 1 g dry
mass into a tall cylindrical 63 MM sieve (90 x 38 mm). Assemble the
apparatus as shown in Materials Centre Diagram 378 and place on a
stesm-heated water-bath. Heat the acetone so that continuous refluxing of
the solvent dissolves all the HMK. Remove and dry the sieve.

Transfer the residue to an accurately weighed (t 0.0001 g) watch-glass
(W;) and reweigh (W~).

Transfer the residue on the watch-glsss to a 250 ~ sieve and examine
the residue for the presenceof grittyparticles.

17”5” !!9Euw

Grit retained on a 63 pa sieve, per cent = (W8 - W,) x 2.

Report the numberof particlesof grit retainedon the 250 w sieve.

NATf) TINCl AS.!JIFIRll
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VAPOUR/SOLV~ EXTRACTOR SYSTEM
(MODIFIED SOXHLEr)

—. —. _
—. —

—. ——

CONDENSER

EXTRACTOR — ‘JOBLING’

PART EX 7/33

may be used

SIEVE

SAMPLE

GLASS DISH

GLASS or ALUMtNIUM TRIANGLE

STOPCOCK KEY

FLASK

SOLVENT

STEAM BATH

MATERIALSCENITIE DIAGRAM 378

.7 . . ..- ,, ..-., ,. n.-. -_
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ASH CONTENf - METHOD1

18.1. Principle

Red calcination of the insoluble matter obtained. by the mean of
procedureparagraph11.

18.2. 4uipment

Muffle furnace,set at 700 t 50°C0

18.3. Procedure

Calcinatethe
not overheating
within 1 mg (mz).

quartzcrucible,containingthe
(700Y50”C SSX). Cool in a

insoluble matter. Be sure
dessicater,and weightto

18.4. Expressionof results

(m2 -Mi)x loo
Ash % =

m

where :

a, : empty crucibleamss (in grsmmes).
m2 : mass of crucible,after cslcination(in grsmmes)
m : mass of testedexplosive,beforeextraction(in grammes).
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ASH CONTENT- METHOD 2

19.1. Principle

Residue from determination ~f ❑atter insoluble in acetone(para-
graph 12) is ignitedat 700”C and the amountof residueis determined.

19.2. Equipment

Muffle furnace
Analyticalbalance

19.3. Reagents

19.4, Procedure

Ignite the sample resened from the acetone insoluble material
determination, in a muffle furnaceat 700t 10-Cfor 30 t 5 ninutes,cool
in a desiccatorand weigh to the nearest0.0001 g.

19.5. ReportinK

Percent inorganicinsolublematerial=
(C-B) X 100

w

where C : the weight of the crucible end contents after ignitionin
gremmes.

B : the tare weight of the cruciblein gremmes.
w : the HMX sample weight in grammes.

I
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DEXERNINATIONOF ACIDITYOR ALKALINITY

20.1. Principle

The explosiveis
alkalinitypresentis
solution.

20.2. @aratus

dissolvedin acidifiedacetone end the acidityor
determinedby back titrationwith bariumhydroxide

Iodine flaskscomplyingwith

Condenserscomplyingwith BS

BS 2755 or equivalent.

5922/1S04799.

Burettescomplyingwith BS846/ISO 385.

20.3. Reesents

Potassium chloridesolution.Add 5 cm3 of saturatedpotassiumchloride
solution to 1 litre of boiled water and store the productunder carbon
dioxide-freeconditions.

Acidified acetone.Add 1 cm: of 0.1 M acetic acid to each litre of
boiled end cmled acetoneand store the productunder carbondioxicle-free
conditions.

Standard bariumhydroxidesolution(Barytasolution).Bariumhydroxide
standard solution of 0.01 !4 strength storedunder carbondioxide-free—
conditions,

Cresol-red indicator. A 0.3 per cent solutionin
(complyingwith 9S 3591).

Air or nitrogen. A stream of air or nitrogenwhich
free of carbon dioxideby a seriesof alkalinescrubbers.

20.4. Procedure

methylatedspirit

has been scrubbed

Place a quantity of water in each of three 5(M cm3 iodine flasks,and
boil for 5 minutes.Discard the water. and cool the flasks.Into each of
flasks 1 and 3 weigh out a portionof sample as receivedequivalentto
3.0*0.1 g (drymass) of HNXand add 1CY3cm] of the acidifiedacetoneto
each of the three flasks.Fit the condenser(s)to the flask(s)and reflux
on a boiling water bath until the HMX haa dissolved.Remove the condenser
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and add 100 CMJ of the potassiumchloridesolutionto each flask.shaking
the flasksduring the addition.Stopper the flask(s)and COOI rapidlyla a
stream ci ccld water.

Meanwhile, allow a stream of the gas to pass throughthe scrubber
system. Unstopperflask 1 and using a simplet~e of delivery tube allow
the carbon dioxide-free gas to bubble through the contents. Add 10 drops of
the indicator solution and titrate with the baryta solution to the
cresol-rad end-point. Decant the bulk of the liquor to waste, add the
contentsof flask 2 to the residualprecipitate of M% in flask 1, and with

the gas bubbling through, again titrate with baryta (Vl cmJ) using another
10 drops of the cresol-red indicator.

With the gas bubblingthroughas before,titrate (Vz cm3) the contents
of flask 3 to the same permanentpink end-pointand using the same quantity
of indicator.

20.5. Reporting

- men (V2 - VI) cm3 is + ve, the sample is acidic

- When (V2 - Vi) cm3 is - ve, the sample is alkaline.

Acidityor alkalinityin meq/kg is (V2 - Vl) x 6.67.

t

‘
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21.1. Principle

The explosive
titration.

21.2, Apparatus

800 ml beaker
Stesm bath
Burette

21.3. Reaaent
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is dissolvedin acetone and the acidityis determinedby

Acetone reagentgrade
Phenolphthalein(1% in ethyl alcohol)or
Methyl red (0.1g/60 ml of ethyl ~cohol)
0.05 N sodiumhydroxidesolution
DistilledWater

21.4. Procedure

Weigh an approximately 10 g portionof the dried sampleaccuratelyto
the nearest0.001 g, place in a clean 800 ml beaker and add 500 ml of
acetone.Place the beaker on a steam bath and heat with occasionalstirring
until the sample has completely dissolved.Add 100 ml of distilledwater
and 3 or 4 drops of phenolphthalein(1 % in ethyl ~cohol) or methyl *
(0.1g/60 ml of ethyl alcohol)indicatorand titrateto the end point with
0.05 N sodium hydroxidesolution.Run blank determinationusing all of the
reagents except the NM% sample in the same amounts as were used in the
sampleaciditydetermination.

21.5. Reporting

6.o (S-B)N
Acidity,milliequivalent/kg=

w

where S : the
ml.

B: the
N : the
w: the

volume of sodiumhydroxide used in the ssmple titrationin

volumeof sodiumhydroxideused in the blank titrationin ml.
normalityof sodiumhydroxideused in the titrations.
weightof sampleused in g.
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TEST F~
PARACRAPH22

THE APPLICATIONOF THE VACUUMSTAEILITYTEST TO EXPLOSIVES

22.1. Principle

The vacuum stabilitytest is used to assess the thermalstabiiityof an
explosive by measuring the volume of gas evolvedon heatingthe explosive
under specified conditions. It is undesirable to attemptthe test on
explosiveswhich exhibit an appreciablevapourpressure.

A sample of the explosive is heated for the speci?iedtiae in an
evacuated tube in a heatingbath maintainedat a constantspecifiedtemper-
ature. The volume of gas evolvedover the specifiedperiod of time is
determined by either a mercury manometricmethod of by using a pressure
transducer.

22.2. Apparatus

Constant - temperaturebath - metal block type.An electricallyheated
block bath with temperaturecontrolover the range 50 to 150”Ccontrollable
to within 2 0.2°C and insulatedon all sides.An electricalcut-outshall
be fittedwhich operatesat 5*C above the nominalworking temperature.The
block containsholes drilledout to accommodatethe sampleheatingtubes.
The dimensions of the holes shall be such that the diameter is
approximately 1 to 2 mm greaterthan the diameterof the heatingtube.end
the depth is approximately165 mm. Ihe centre of the holes shallnot be
less than 30 mm From the edge of the block. A thermometeris positionedin
a sand-Filled glass heating tube in one of the holes to affordthe
measurement of the bath temperature.Checks shall be carriedout daily to
ensure that the temperatureof the bath remainsconstant.

Vacuum Pump. l%e pump shall be a rotary type of robustconstruction
capableof rapidly attaininga Pressureof less that 5 MM ❑ercurYa~solute-

Pressuregauge, indicatingthe range O to 20 mm absolute.

Barometer,A Fortin or similartype barometerfor determiningatmospher-
ic pressure.

Burettescomplyingwith BS 846 (classA)

Sieves complyingwith BS 410.
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22.3. Reagent

Water complyingwith BS 3978,

ANNEX D tQ
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22,4. Procedure1, vacuumstabilitytest (manometermethod~

22.4.I. Ao~aratus

Heating tube and manometeras illustratedin Diagrampage D/44.The
tubes and manometers, particularly the latter,are ratherdelicateand
great care must be takenat all times in handlingand storage.

22.4.2. Reagents

Mercury, cleanand dry.

Petroleum jellyor a high vacuum siliconegrease compatiblewith the
appropriateexplosiveas a lubricant.

22.4.3. Calibrationof thevacuum stabilityapparatus

- The heating tube

Detexmine the volume (X) of the heating tube by fillingthe tube with
mercury from a buretteuntil the mercuryreachesthe level at which it will
contactthe groundglass jointof the capillarytube.

The availablegas space (A) is given by :

A.)(-
mass of explosive(g)

explosivedensity (g/cm3)

- The cspillary [manometer)

Place 10.0 t 0.1 g (Wi)of mercuryin the cup and manipulatethe tube
so that the mercurypassesinto the long (850mm) sectionof the capillary.
Ensure that the mercuryremainsin a continuouscolumn.Measure the length
in mm of the mercurycolumnat threepositionsin the long sectionof the
capillaryand calculatethe everageof the threemeasurements(L).

- Calculation

Calculatethe mean internalvolumeper mm lengthof capillary(C) :

WI
c=—

dxL

where d = the densityof the mercuryat the calibrationtemperature.
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22.4,4. Procedure

Transfera 5.0 g portionof HMx. which has been previouslydried for b
hours at 103 ~ 2*C, to the heating tube takingcare to avoidconmminacion
of the ground glass jointof the tube. (Theintroductionof the explosive
can be facilitated by the use of a wide-boreshort-stemmedglass funnel).
Coat the male ground glasa joint of the capillarywith the lubricant,
Attach the capillary to the heating tube ensuringa gas-tightjoint by
pressing the two componentstogether with a gentle twistingmotionUnti:
the interfaceof the joint is clear.Use the minimumamountfo lubricantto
ensure a good joint.Take care to prevent the tube falling~rom the mano-
meter before it is held by the vacuum.Mount the assembledapparatusin a
suitable rack so ‘thatthe longest section of the capillaryis nearL;-
vertical end the bottom reservoiris supported.

Add to the capillaryreservoirsufficientclean mercwy (about7 cm~ or
one-thirdfilled)to fill the capillaryand the reservoirafter evacuation.

Connect the capillaryreservoirto the vacuumpump using a vacuum line
and robber bung adapter.Tilt the assemblyto bring the reservoirtowards
the horizontalso that there is a clear p~sage over the mercury for the
air being evacuatedfrom the heating tube and manometer.Start the pump and
slowly allow the air to be evacuated.Evacuateuntil the pressureis below
Smm of mercury,lightlytappingthe heatingtube to facilitatereleaseof
any occludedair from the sample.

When evacuation is complete, return the capillq to the vertical,
carefully removethe vacuumline and allow the mercury to enter the capil-
lary. This operation must be done very carefullyto preventthe mercury
rising too quicklyup the manometertube and overshootinginto the heating
tiibe. Pour a littlemercuryinto the cup of the heating tube to serve as a
secondsq seal. Disconnectthe pump.

Record the followingdata :

The total lengthof the capillarytube minus the verticalheight of the
column of mercury in the reservoirbefore heating (Bl mm).

The heightof the ❑ercury column above the surfaceof the mercuryin
the reservoirat the beginningof the test (Hl mm).

The room temperatureat the beginningof the test (tl “C).

The barometricpressureat the begiming of the test (Plmm).

Ascertain that the bath temperature is constant at 120”C.Carefully
place the heatingtube of the preparedtest assemblyin the constant-tempe-
rature bath, ensuringthat the connectionbetweenthe heatingtube and the
capillaryis not loosened.Support the capillaryreservoir.

Heat the tube for 40 hours.



NATO UN CJ, ASSIF IED

D-43 D tQ

STANAG
@lition1)4

284

Remove the tube f’mm the constant-temperaturebath and allow the tube
to cool to mom temperature.

Record the followingdata :

The totallengthof the capillarytube minus the verticalheightof the
columnof mercuryin the reservoirafterheating (Ba mm).

The heightof the mercury columnabove the surfaceof the mercuryin
the reservoirat the end of the test (H2mm).

The room temperatureat the end of

The barometricpressureat the end

22.4.5. Calculation

Calculate the volume
follows:

V cm] = ~A+C(Ba-HQ)]x

the test (ta “C).

of

of gas V (at

273 (p2-H2)

760 (273+t2)

the test (Pz mm).

STP) liberated

@+C(B1-Hl)] X

during the test as

273 (PI-HI)

760 (273+t1)

where A, Bit Bz, C, Hi, Hz, PI, Pz. tl and ta are as defined above.

22.4.6. Dismantling

Flemove the apparatusfrom the heatingbath end suspend it from a hook.
Remove the mercuryfrom the well of the heating tube by suction and connect
the capillaryreservoirto the vacuum pump. Tilt the assemblyand evacuate
the capillaryend heating tube.Admit air to the apparatustakingcare that
the heating-tubedoes not fall from the capillary.Return the
the verticalposition and disconnect from the vacuum pump.
mercury into the bottlekept speciallyfor ‘dirty’mercury and
capillaryand heatingtube for cleaning.

22.4.j’.Cleaning

capillaryto
Pour out the
separatethe

Empty the heatingtube and removeresidualtracesof explosiveand any
lubricant round the joint with suitablesolvents.Rinse with acetone~d
then with water. Fill the heating tube and capillarywith a suitable
solution for glassware cleaningand allow to stand for 24 hours. Finally
rinse with water followedby acetoneand blow-drywith clean, dry air.
Store the cleanedheating tubes in a desiccatoruntil requiredfor use.

NATCl TTN~l ACCTfilFin
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MERCURYMANOMIHER APPARATUS
DOA/1% MaterialsCentre Diagram 464A

.
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22.5. Procedure 2, Vacuua stabilitytest {transducermethodj

22.5.1. Apparatus

Class heating tube and assemblyas illustratedin Diagram page IV46 and
D/49,The tube is uniformbore, 265 mm long by 14 mm internaldiameterwith
a wall thickness of 2 mm. The adapter is fitted with a hexagon nut for
connection to the transducer.The side port is for connectionas required
to the vacuum line or to a gas syringeused in calibrationof the assembly.

A “straingauge pressuretransduceris used which is temperature-compen--
sated to better than 5 % for a 100”C rangeof temperature,and which is
capable to operationin the pressurerangeO to 1 bar absolute.

Devices found to be suitableare :

Type N“ BHL-~050-00-OIMOrange O to 1 bar absolute,or
Type N“ 4-366-OIMOrange to O to 1 bar absolute.
Manufacturedby TransamericaLtd, LennoxRoad, Basingstoke,Hants.

The transducershould be allowed to stabilizefor at least 30 minutes
after power up. The measuring system must be capable of detectinggas
volumes to not less than t 0.02 cmj (STP).

Data-logging equipmentcomprising a regulatedDC power supply with an
output voltage suitable for the transducer (10.00* 0.02 V DC for the
transducerspreviouslyquoted).The equipmentshall be capable of measuring
the transducer output voltages in sequence and recording the values
obtained. In addition,the equipmentshall have inputs for platinum resis-
tance thermometersand be capableof recordingtemperaturein sequencewith
the measuredpressures. Simplifiedmeasuring systemsusing digital volt-
meters may be used as alternativesto the data-loggingequipment.

Calibratedgas-tightsyringe.A Luer syringeof 5 cm3 capacity that can
be attached to the adapteris requiredfor calibrationpurposes.

22.5,2. Reagent

Petroleum jelly or a high vacuum siliconegrease compatiblewith the
appropriateexplosiveas a lubricant.

22.5.3.Procedure

Transfer a 5.O g s~ple of the HMX, which has been previouslydried
for 4 hours at 103 t Z’C to the heating tube.Care shall be taken to ensure
that the neck of the tube is free from adheringparticles. (The introduc-
tion of the explosivecan be facilitatedby the use of a wide-bore short-
stemmed glass funnel).

NATO IINCIASSIFIFD
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Lightly smear the O-rings of the adapterwith the lubricant..4ssemble
the apparatusas In Diagrampage D48 Connectthe adapterevacuationport to
the vacuum line, sllde the inner tube outwads and evacuate the :ube to
less than 5 mm. k~en evacuationis complete,indicatedby a stead} reading
of the digital voltmeter,seal the evacuation port by sliding the inner
adapter inwards.Check that the seal is effectiveby monitoringfor any
drift on the voltmeter.Disconnect the vacuumline and record the voltmeter
reading RO. Set the plunger of the calibratedsyringe to the required

calibrating volume 3 cm3) and connect to the adapterport. Inject3.0 ca~
of air into the heating tube. Record the voltmeterreadingR,.

Inject a further 5.0 cm? ‘of air and record the digital voitneter
reading R~, the barometricpressure.Pj mm, and the room temperaturetj “C.

The differencein reeflingsis the digitalresponsefor 2 Ca3 of ai~ at
P3 and t3”C. The response is determtied from the two ~olues of air ~~
compensate for the ‘deadvolume’ between the syringeand adapter core. This
calibrates the free space available in the apparatusafter adding the test
specimen to the heating tube. Repeat the calibrationfor every test.

Ascertain that the bath temperature is constantat 120*C.Detach the
syringe, connect the p+nt to the vacuum line and evacuate the tube.Check
that the apparatus is sealed effectively by monitoringthe transducer
voltage for about a minute.

Record the initialdigital voltmeterreadingEl.

Place the heating tube of the preparedtest assemblyin the conatmt-
temperature bath md heat the tube for the 40 hours heatingperiod.Reaove
the test assemblyfrom the constant-temperatu~bath and allow the tube to
cool to room temperature.

Record the final digitalvoltmeterreading~ and the room temperature
tb”c.

22.5.4. Calculation

Calculate the response
“F”, for 1 cm3 air at STP :

(R5-R3)-(R3-RO)
f= x

2

Calculate the volume of

Ez X (273 + t,)
v.

fx(273*td) -

factor for each heating tube and tr~sducert

760 (273 ● t,) ‘

TX 273

gas, V. evolvedfrom the specimenat STP :
-.

El

I

1
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where : RO = empty tubevoltmeterreading

R, = voltmeterreading for 3.0 Cm’ air

R~ = voltmeterreadingfor 5.0 cm3 air
El . voltmeterreadingbeforeheating
E2 . Voltneterreadingafter the specified heatingperiod

t] = room temperature“C at the time of calibrationof the appara-
tus

ta = room temperature“C at the end of the test
Pj = atmosphericpressure (mm of merCUrY)

22.5.5. Dismantlingand cleaning

Remove the apparatus from the heatingbath and release the vacuum by
sliding up the inner adapter tube. Dismantle the apparatus, empty the
heating tube and removeresidual tracesof explosivefrom the apparatus
with suitablesolvents. Rinse the heatingtube with acetone and then with
water. Fill the tube with a suitablesolutionfor glasswarecleaningand
allow to stand for 24 hours. Finallyrinsewith water followedby acetone
and blow-drywith clean,dry air. Store the cleaned heating tubes in a
desiccatoruntil requiredfor use.

22.6. Compatibilitytest on joint lubricant

Add 0.015 g of the lubricantunder test to 5.0 g of the explosiveand
mix well. Carry out the compatibilityteston the ❑ixture at the appropria-
te temperature.Carry out blank determinationson the explosive alone and
the lubricantalone, at the same time.The volume of gas evolved from the
❑ixture of explosiveand lubricant,minus the volume of gas from the lubri-
cant alone, shall not exceed the volume of gas evolvedby the explosive
alone by ❑ore than 1.0 cm~.
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DETERMINATION OF CYCLOHEXANONEBY GAS CHROMATOGRAPHY

23.1. Principle

The explosi~eis dissolvedin gamma-butyrolactone(or acetone)and the
cyclohexanonecontentdeterminedby gas chromatography.

23.2. Apparatus

A gas chromatographywith the followingrequirements:

The chromatographic column shall be contained in an oven at about
160”c, the temperatureshall be controlledto 5 O.l”C.

The detectoriamplifiersystem shall be such that 5.0 d of 0.001per
cent solution of cyclohexanone in gamma-butymlactoneo? acetone.will
generate a signal of 75 per cent full scnle deflectingon a 2j4 mm poten-
tiometricstrip chart recorder,with a noise level from the detector’ampli-
fier or recordernot greater than = 0.2 per cent full scale deflectionand
with a drift of less than 1 per cent per hour. Flame ionizationis the
recommendedmethod of detection.

The columnshell be capable of complete resolutionof cyclohexanone
from gamma-bntyrolactoneor acetonewithin 5 minutes.

The carriergas flow rate shallbe controlledto k 1 per cent.

Precisionsyringescapableof deliveryliquidvolumesof 5.0 mm~.

23.3. Reagent

Gemma-butyrolactone(preferredsolvent). The gamma-butyrolactonemust
be free from any impurity which coincideschromatographicallywith the
cyclohexanone peak. Beforeuse, the gamma-butyrolactoneshouldbe fractio-
nally distilledunder reducedpressure at about 20 mm Hg rejectlw the
first 15 per cent and last 10 per cent of the distillate,and retainingthe
remainderfor use in the test.

Acetone (Alternativesolvent).Analyticalreagentgrade.

I

‘1
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23.4. Procedure

23.4.1.Preparation of the CalibrationGraph.Weigh into 100 cm3 one-mark
volumetricflasksseparateportionsof cyclohexenonein incrementsto cover

the range 0.001 to 0.020 g. Dilute to 100 cm3 with genusa-butyrolactoneor
acetone.

Inject 5.0 mmj portion of each solutiononto the gas chromatography
column and measure the peak height (or area)of the eluted cyclohexanone.
Plot a graphof peak height [or area) againstthe mass of cyclohexanone.

23.4.2. Analysis of sample. Transfer a representative sample of the
explosive (Approximately40 g) to a clean glass dish. Dry the dish and
contents for 2 hours in en oven at 103 A 2“C. Dissolve10 A 0.1 g of the
dried sample in
gently if required? cn3

of the gamma-butyrolactone(or acetone)warming
Cool the solutionand transferto a 100 crn3one-mark

volumetric flaskand make up co the mark with +Je appropriate solvent.
Inject 5.0 zd of the sample solutioninto the gas chromatographycolumn.
Measure the peak-height(or area) of the elutedcyciohexanoneand determine
the amountpresent (k’:]by referenceto the calibrationgraph (see 4.1).

23.5. Reportin~

% cyclohexsnone= Wi x 10

where Wl = mass of cyclohexanonein sample.
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DEI’ERMINATIONOF ‘lWEFIGUREOF INSENSITI~ (F Of I) OF HKX

24.1. Principle

This ❑ethod describes the impactsensitivenesstests to be applied to
HMXand the assessmentof the results.

For approvalof the materialthe testsam Wui+ to demonstratethat
the estimateof sensitlveneaaof each aPDrovedbatch or blend 1s.statistic~lY
consistentwith the material having an F of I of 55 or aoove Kor nma type
III and ensureswith 98Z confidencethat all approvedmaterialshalihave a
true F of I not lower than a certainminimum value (lessthan the above
value) which takesinto account the standarddeviationof the teat.

24.2. RelatedDocuments

Documentrelevantto this Annex :

DrawingNo. D/2242/GA ‘TEllInstmments Ltd, Crawley’
OSRD ReportNo. 4040 : AMP ‘Statisticalmalysis for a new Procedure
ReportNo. 101.IR.SRG-PNO.4OIn sensitivityexperiments’
July 1944.
SensitivenessCollaborati~n Manual af rests, october l!l~d
Committee (SCC)

Reference in this methcdto any related documentmeans the current
edition,unless a specificeditionis indicat-.

24.3. Apparatusand Basic Methodsof Test

The apparatus to be used is the Rotter-TypeImpactSensitiveness
Machine manufacturedby Test EquipmentLtd. (nowknown as ~ Instruments
Ltd), GatwickRoad, Crawley,Sussex (DrawingNo. D/2242/GA)using a five
kilogra weight. The anvils, brass caps. explosivedispenser.t~PinK
device and Ras-measurinK buretteshall be in accordancewith test NO 1A

of the SCC Manual of tests.

The procedureto be used is the BrucetonStaircaseTechniquewhere the
five kilogram weight is dropped anto a successionof brass caPs each
containing a measured volumeof explosive.The selectionof an initial
drop-height of testing (h.) is usually dictated by experience.If’an
ignition occurs the next cap is testedat a lowerdrop-height(h.).If a
non-ignition occurs the next cap is testedat a higherdrup-height(h.).
The difference in drop-heights, (he-h-)or (ho-h.) is known as the
‘inte~al’ (d) Md is nomally 10 cm. A change from m ignlclonto a

1
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non-ignition,or vice versa is temed an ‘inversion’,and the test starts
on the cap precedingthe first inversionand consistsof 50 caps in total.
The statisticalimplications in the methods are detailedin “Statistical
halysis for a New Procedure in SensitivityExperiments”(OSRDReport No
4040) .

Preparationof Apparatus

In additionto normalroutine maintenanceof the apparatuscarry out
the followingchecksbeforeeach test run :

Check that the apparatusis level end that the drop-heightcalibration
is correct.

Check that the strikeris polishedand perfectlyflat.Uhen repolishing
the st?ikerensurethat the surface remainssquare to the axis.

Place the assembledimpactchamberin positionunder the drift.Rotate
the driftin its guidewhile lookingat the adjoiningsurfacesof drift and
striker.No lightshouldbe seen between thesesurfaces.

Check that :
..---

- l%e driftmoves freelyvertically in its guide, and that there is no
lateralaovement.

- The drift end strikera.nsverticallyaligned.

Ensure that the O-ring chamber seal is suitableend that there is
adequate greasepackingbetween the strikerand screwedbush in the lid of
the chamber.Failure to ensure that these gas seals are satisfactorycan
resultin incorrectmeasurementof gas volumes.

NUI’E: A convenientway to test for gas leaks is to assemblethe impact
chamber with the striker raised into the chamber lid. Closa the
gas-measuringburettetap and then press down the strikerinto contactwith
the anvil pip ; this displaces air from the impactchamberinto the
burette,if the apparatusis leak-free,the meniscuswill stay depressed.

Ensure that the flexible tubing connecting the chamber to the
gas-measuringburetteis not perishedand that the tmre is not blockedwith
debris from previoustests.

Check that the chamberis clean and fit a new anvil ensuringthat the
clamp ring is fully tightened.

Clean the caps by degreesingin a suitablesolvent,dry and store tham
in a dust-freecontainer.Before use, polish the insideof the caps with a
rotatinKfelt bluff.
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Ensure that the equipmentmd samplesdo not becomecontaminatedby
adventitious materialeg, airbornedust, u this can affect the resuits
obtainedby significantlyalteringthe medianheight.

2h.4. StandardSymbolsend Functionsrequiredin the Assessment

24.4.I. g

This refers to the estimate of the medianheightof an explosive,
appropriateto the numberof caps testedfor 50 Z ignitionin the test.

An ignitionis definedas the evolutionof 1 cmJ or more of products,
recorded on the gas-measuring burette, or indicatedby a non-standard
transient movementof the burette fluid,confirmedby the presentof smoke
when openingthe amvilhousing.

24.4.2. ~,~ ~

The estimate of the median hei~t of the standardHNX (seepara
-,..-l-.

24.4.3. Fof l~,d m

The estimateof the
para 24.8.1).

Fi~ -e of Insensitivenessof the standardNHX isee

NJ4XX80.-

= medianheight for PERME standardRDX

24.4.4. ~,~

This refers to the trend-free standard deviationof medianheight
determination usign 50-cap testson standardHMX. It is calculatedfrom
the mean differencebetweensuccessivevaluesof medianheight,neglecting
sign (Wz) in a series of the previousY, 50-capdeterminationsof median
heighton the standardHKX es follows :

i2
s

(Differences)=—
tf where

1.128
i2 =

NC-l

NOTE : Results from void testson the standardNM (seepara 24.8.2)are
excluded.

NATO l[N~l AQCIFIFn
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24.4.5. ~

Ibis refers to the numberof 50-cap runs on the materialbeinirtested.
The numbervaries from 1 to 6,

24.4.6. ~

This refers to the number of 50-cap runs on the standard HMX. The
numberis constantat 6 in thismethod.

24.4.7. SEp ,* ~

This refers to the standarderror for estimatesof the F of I values of
HMX when detemined aKainststandard HEX. It has been shown to have the

The expressionis virtuallya constantand is
machineresponseprovidedthe operator’stechniqueis

24.4.8. ~,

unaffected by Rotter
of a high standard.

The estimateof the internal standarddeviationof the medianheight
calculatedas describedin clause5.

24.5. Calculationof the MedianHeight and InternalStandardDeviation

A recordis kept of the results which is a series of i~itio~ or
non-ignitions at differenttestdrop-heightswhich a= denotedby ‘X’S ~d
‘O’s respectively.The resultsare tabulatedfor each drop-heightused in
the test.

Sum the X’s = N=
Sum the O’s = NO
Check Nx + NO = 50

AssigrIa value of i to each drop given by :

i s DroD-HeiRht- c

d

where c = lowest drop-heightused
d= drop-heightinternal

Take the lower value of N, or YO. or if both = 25 take either.

I

I

NAT(3 llN~l AS.SlFlF?13
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Evaluatein~ and iznl

where i= 0,2, 3, . . . etc. and n is the number of X’s or O’s at the
relevantdrop-height.

Evaluate - Zini = A

and fi2n’ = B

Evaluatethe MedianHeight (MH) from :

()A~.c.d—-+ for X’s or
N=

[)A~. c + d —+$ for O’s
No

Evaluate M =

where N = NX (or
ding to M.

NB- A2
— and determine‘he InternalStandardDeviationSI
N2

N.) as appropriatefrom the Table in the Annex correspon-

Exampleof the calculationof the median height,MH, and internalstandard
deviationS,

I I I I 1

I Drop-Height ‘ i
I

X.ni
I

O.nL
I

inl
I

iznl I

I 1 1 I I J
I I I

w o 0 0 0
I

100 1 1 i 8 81
110 2 9 18
120 ! 2: ~

:
7 21

130 7 0 0 0 (

N, = 25 NO . 25 AZ 47 = 107 ;IB

NH
47 1

[)‘90+ 10z”z

.
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NH = 113.8

~ =25x107-472

252

●

= 0.746

.

. $i = 12.6 (fromTable in Appendix)

24.6. Outlineof Method

24.6.1 The m$thod uses a Rotter-ImpactTest machine to determine the Figure of
Insensitivenessof the samplesof HW.. The st~dard HNX shall be tested
first (withthe provisosof clauses24.6.3 and 24.8.2), followed bv the HFIX
sample(s).A new test on the standardHKX shall be carriedout on each test
day.

24.6.2 The F of I values quoted in clause 24.6.1 shall be referred ultimately to

R4RDE standardRDX for which the F of I has been assignedthe value of80.
The first ‘Standard HMX’ batch was standardized againstPERME ‘Standard
RDX‘. Subsequent batches are to be standardizedagainstthe preceding
sample of ‘Standard JiMX’,By this means parameters external to the
material. such as mechineand operator,can be expectedto affectboth the
batchand standardequally.

24.6.3 The estimate of the ❑edian height of the W standard is to be assessed
from the running mean of the lest six 50-capdeterminationswith a proviso
that for a satisfactoryrunningmean it shall always be demonstratedthat
the median height from the most recent 50-cap run is from the same
populationas the previousaix rune. If such agreementis not found for any
run, testingshall be continueduntil two satisfactoryconsecutiveruns are
obtained. In this way a sensitivecontrolon my external changesto the
explosives, such as machineand operatorvariables,is obtainedand at the
ssme time 300 caps provide a sufficiently accuratevalue of the median
height of the standard in the absence of other variables.The above
technique. to controlthe validityof the runningmean, is additionalto an
organizedscheduleto controlthe mechanicalconditionof the machine.

. 24.6.4 The ❑edian height and Figure of Insensitivenessof test material is
First estimatedfrom a single 50-cap test. If the estimateof F of I is not
less than two st~d~ errorsebove a value refer- to ss the ‘REJECTION
LIMIT’ (seebelow) the materialmay be accepted.If the F of I lies between
this acceptancelimit and the rejectionlimit,retestingup to a total of
6 x 50-capruns is permissible.In such cases the cumulativevalue of the F
of 1 is used togetherwith a new and lowervalue of standarderror for the

NATO IJNC1.ASSIFIED
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test appropriate to the number of caps in the
‘R~ECTION LIMIT’ referred to above representsthe

cumulative run. The
lowestvalue for the

true F of I of any materialwhich has been foundacceptable.calculatedfor
a 98 % degree of confidence.For KM)(Type III the ‘REJECfIONLIMIT’is the
F of I which is equivalentto a medianheightof two trend-free,standard ,
deviations, below the mean median heightof HKX Type III. havingan F of I
of 55 (during1966).

24.6.5 The assessment provides for cases

F of I valuesbelow tie rejectionlimit.

24.6.6 A maxtium is set for the internal

.

where a minority of the tests produce

standard deviationof a test, for it

to be

24.7.

A
the

consideredsatisfactory.

Samplingend Sample Preparation

set of up to six separate representativesamplesshallbe takenfrom
material to be tested. Transfer a representativeportion of

approximately10 g of each of the samplesrequired-forthe determinationof
the Figure of Insensitivenessto a clean glassdish. Dry the dish and its
contentsin m oven at 103 * 2*C for 2 hours.

Remove froa the oven. cool and place in a desiccator. These samples
must be prevented from becoming contaminated by air!xirne or other
adventitiousmatter.

Using the explosivedispenserand tampingdevicefill 55 caps with the
standard and 55 caps ulth the sample. For finely divided samples spread the
~losive evenlyover

Store m f-d
for at least 12 hmlrs

24.8. Maintenanceof

tln?bsseof the cap using a polishedbrass drift.

caps in covered dust-freecontainers“inthe test bay
immediatelyprecedingtesting.

Standards

24.8.1. Fof I StandardHMX (Fof IS,~ H!4X)

A supplyof HMX shall be set aside as a standard.Its F of I sh~l be
detemined against the laboratorystock of PERME StandardROX, using the
resultsfrom at least 6 x 50-cap runs on each material.The rangeof medimn
height values in each of the groupsof six or more shall not exceed3Str
and the mean Stf and the mean Sl for the 6 x 50-capsin each case shallbe
within the limits 17 * 4 cm. (A mean S~ value of 17.3 has been found over a
lame number of determinationsof SO-cap runs on HKX when the testingwas
on ~ linearscale of drop-heightwith en Intemml of 10 cm).

klATn II hT P 1 A c c I tit cn



●

●

NATO UNCLASSIFIED

D-59 ANNEX D &
STANAG 4284
(Edition1)

Before the supply of standard~ is exhausteda further batch shall bS
selected to succeed it end its F of I determinedas aboveagainstthe
existing standardbatch. A self-consistent seriesof standardbatches of
HMX will thus be maintainedin the laboratorywhich will be independentOf
the RDX standafi after calibrationof the first batch.

24.8.2. MedianHeightof StsndardHMX (NHStd HNX)

A runningmean of 6 x 50-capdeterminationsof the medianheightof the
current NMXstandard shallbe maintained. ‘Ihe runningmean shall be updated
continuously while testingis in progressand at leastcm 50-cap run shall
be made on the standamlon the same day as each test run. If the value of
S, exceeds 30 cm (ca 2S,) the run is declaredvoid and shall be replacedby
en additionalrun. When the latest50-CSP run on the standard gives a
median heightvalue whichdiffers from the currentvalue of the running
mean by more than 2S,t it is stillused to calculate the next value of the
running mean but further 50-cap runs shall be made and new values of the
running mem calculated until two successive50-cap median-heightvalues
have been obtained within2S~r or 5 cm (whicheveris the greater)of the
latestrunningmean.

This requirementmininizes error caused by shift in response of the
Rotter machine.While a new stable value for the median height of the
standard is being establishedin this way, no testingof any materialshall
be made.

24.9. Procedure for TestinKSampleMaterial

24.9.1. F of I Requirements

A sequenceof up to six 50-capruns is made on the testmaterialuntil
a decisionis reached.The F of I is calculatedfrom the median height
value for each 50-cap run by the expression:

Fof 1~~~ HMX x NH test material
FofI=

MH~td Hklx

L~ the F “>fI of the test material is not less man tne 1 x bu-cap

IACCEPTANCELIMIT’ [see clause 24-10-2) the test ❑ateri~ ‘hall be accepted-
If it is less, a further50-cspsshall be testedand .sF of I calculated
from the 2 x 50-cap runs. If this is not less than the 2 x 50-caP
‘ACCEPTANCE LIMIT’ the material shall be accepted. This procedureis
continued if necessary throughthree, four, fiveor six 50-capruns using
the appropriateacceptancelimit in each case. If two 50-cap median-height
values fall below a fixed value known as the ‘REJECHON LIMIT’ (see clause
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10.1), the material shall be rejected.

WI-El : Only one 50-cap mm may be carriedout on any singlebatch or
blend during any one day unless the

NOTE2 : If the cumulative 6 x 50-cap run
the acceptanceand rejectionlimits
Assurance Representative and the
consulted.

24.9.2. S, Requirements

test is void.

has a medianheightbetween
of the materialthe Quality
Oesign Authorityshall be

The internaistandard deviationof the median height (S~) for each
50-CSP run shall be calculated.If the value exceeds30 cm, the run is void
and shall.be replacedby an additionalrun on enother sample from the same
test material. If any two samples from the same test material gives values
of Si exceeding 30 cm, the materialis rejected.

24.10. ‘Rejection’and ‘Acceptmce’ Limits

24,10.1. Rejection limit (F of IRH~

This is the F of I correspondingto the establishedmedianheight of
the standard NNX (kllI,,~ “,X ) less two trend-free standard deviations of the
median height (S,f) :

24.10.2. AcceptanceLimit (F

The F of I acceptance
sequentialtest (1 x ~0-caps,
the stsnda~ error of the F

of IAcc)

limit (F of lAcc) for each
2 x 50-capsetc) are obtainedby
of I, obtained from the equation

in para 4.7 to the rejection limit (F of InzJ).Thus the acceptance
after N= x 50-capsruns is:

[

(Fof 1,,, NNxx2stf)

r]

NX+6
F of IACC = (F of IREJ) + km*td NMx

x—
6N=

Where 6 is the fixed number of 50-caps rune (N,) on the standad NM)(.

24.10.3. Example of the Calculation and Use of the Limits

limit

Assuming that the required parameters for the standardHNX have been
obtained, (paras 74.6.3, 24.6.4, 24.@ and are as follows:

—-. . . . . . ---- ------
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MH~to m = 89.3 CM

F of Is~4 m.55

s tf = 5cm

Then by clause24,10.1

F of IR~J =
55 (89.3 - 10) = ~88

89.3
.

and by clause 24. 10.2

55 x 10

r

Nx+(j
F of I&CC = 48.8 + — —

89.3 x 6NX

where NM can be from 1 . . . 6 (50-cap runs)

rN=+6
= 48.8 + 6.16X —

6N=

(= FIkt J +Zsqor *) (see clause 24.4.7)

The following table can be constructed for N= = 1 . . . 6

ANNEX D to
STANAG4284
(Edition 1)

Number of 50-cap Fof INtJ 2% 0? 1
runs

Fof I~~c

(NX)
Twice the Standard
Error of the F of I

*

48.8

~

H
4.4
4.0
3.7
3.6

55.4
53.8
53,2 ~
52.8 I
53.5
52.4

1
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If, using the
test materialgave

atmve illustrative parameters, a sequence of tests on
the followlng results :

1st 50-cap run F of I = j2 (not acceptable)
2nd 50-cap run F of I = 56 (not sentencedon this run alonej. ●

Cumulativeanswer for 2 x 50-capmns F of I = 54 (acceptable).

The material would be accepted after the 2nd
98 ; confidence that the true F of I of the material

run and there woxld be
were above $8.9.
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M

0.298-0.302
0.303-0.306
0.307-0.311
0.312-0.316
0.317-0.321
0.322-0.326
0.327-0.332
0.333-0.337
0.338-0.342
0.343-0.348
0.349-0.354
0.355-0.359
0.360-0.365
0.366-0.371
0.372-0.377
0.378-0.383
0.384-0.389
0.390-0.395
0.396-0.401
0.402-0.407
0.408-0.413
0.414-0.419
0.420-0.425
0.426-0.431
0.432-0.437
0.438-0.443
0.444-0.449
0.!50-0.455
0.456-0.462
0.463-0.468
0.469-0.474
0.475-0.480
0.481-o.486
0.487-0.492
0.493-0.498
0.499-0.505
0.506-0.511
0.512-0.517
0.518-0.523
0.524-0.529

Si

5.C
.1
.2
id
.:

5.5
.6
.7
.8

6:;
.1
.2
.3

6:;
.6
.7
.8
.9

7.0
.1
.2
.3
.4

7.5
.6
.7
.8

8:;
.1

::

8.5
.6
.7
.8

9:!
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INTERNALSTANDARDDEVIATIONS

n

0.530-0.535
0.536-0.542
0.543-0.548
0.549-0.554
o.555-o.56a
0.561-0.566
0.567-0.572
0.573-0.579
0.580-0.585
0.586-0.590
0.590-0.597
0.598-0.603
0.604-0.609
0.610-0.615
0.616-0.622
0.623-0.628
0.629-0.634
0.635-0.640
0.641-0.646
0.647-0.653
0.654-0.659
0.660-0.665
0.666-0.671
0.672-0.677
0.678-0.683
0.684-0.689
0.690-0.696
0.697-0.702
0.703-0.708
0.709-0.714
0.715-0.720
0.721-0.727
0.728-0.733
0.734-0.739
0.740-0.745
0.746-0.751
0.752-0.757
0.758-0.764
0.765-0.770
0.771-0.776
0.777-0.782

T
9.1 0.783-0.788 13.2

.2 0.789-0.795 j

.3 0. 796-O.&X

.4 0.802 -O.M7 13.5
9.5 0.808-0.813 .6

.6 0.814-0.819 .7

.7 0.820-0.826 .8

.8 0.827-0.832 .9

.9 0.833-0.838 14.0
10.0 0.839-0.844 .1

.1 0.84s-0.8s0 .2

.2 0.851-0.857 .3

.3 0.8s8-0.863 .4

.4 0.864-0.869 14.5
10.5 0.870-0.875 .6

.6 0.876-0.881 .7

.7 0.882-0.888 .8
,8 0.890-0.894 .9
.9 0.89s-0.900 15.0

11.0 0.901-0.906 .1
.1 0.907-0.912 .2
.2 0.913-0.919 j
.3 0.920-0.925
.4 0.926-0.931 15.5

11.5 0.932-0.937 .6
.6 0.938-0.944 .7
.7 0.945-0.950 .8
.8 0.951-0.956 .9
,9 0.957-0.962 1600

12.0 0.963-0.968 .1
,1 0.969-0.974 .2
.2 0.975-0.981 .3
.3 0.982-0.987 .4
.4 0,988-0.993 16.5

12.5 0.994-0.999 ,6
.6 1.000-1.006 .7
.7 1.007-1.012 .8
.8 1.013-1.018 .9
.9 1.019-1.024 17.0

13.0 1.025-1.030 .1
.1 1.031-1.037 .2

M

1.036-1.M3
1.044-1.049
1.050-1.055
1.056-1.061
1.062-1.068
1.069-1.074
1.095-1.080
1.081-1.086
1.087-1.093
1.094-1.099
1.100-1.105
1.106-1.111
1.112-1.117
1.118-1.124
1.125-1.130
1.131-1.136
1.137-1.142
1.143-1.149
1.150-1.155
1.156-1.161
1.162-1.167
1.168-1.173
1.174-1.180
1.181-1.186
1.187-1.192
1.193-1.198
1.199-1.205
1,206-1.211
1.212-1.217
1.218-1.223
1.224-1.230
1.231-1.236
1.237-1.242
1.243-1.248
1.249-1.254
1.255-1.261
1.262-1.267
1.268-1.273
1.274-1.279
1.280-1.286
1.287-1.292

Si

17.3
.4

17.5
.6
.7
.8
.9

18.0
.1
.2
.3
.4

18.5
.6
.7
.8
.9

19.0
.1
.2
.3
.4

19.5
.6
.7
.8
.9

20.0
.1
.2
.3
.4

20.5
.6
.7
.8
.9

21.0
.1
.2
.3
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M
I

Si

1.293-1.298 21.4
1.299-1.304 .5
1.305-1.311 .6
1.312-1.317 .7
1.318-1.323 .8
1.324-1.329 .9
1.330-1.336 22.0
1.337-1.342 .1
1.343-1.348 .2
1.349-1.354 .3
1.3j5-l.360 .4
1.361-1.367 22.5
1.368-1.373 .6
1.374-1.379 .7
1.380-1.385 .8
1.386-1.392 .9
1.393-1.398 23.0
1.399-1.404 .1
1.405-1.410 .2
1.411-1.417 .3
1.418-1.423 .4
1.424-1.429 23.5
1.430-1.435 .6
1.436-1.442 .7
1.443-1.448 .8
1.449-1.454 .9
1.455-1.460 24.o
1.461-1.466 .1
1.467-1.473 .2
1.474-1.479 .3
1.480-1.485 .4
1.486-1.491 24.5
1.492-1.490 .6
1.499-1.504 .7
1.505-1.510 .8
1.511-1.516 .9
1.517-1.523 25.0
1.524-1.529 .1
1.530-1.535 .2
1.536-1.541 .3
1.542-1.548 .4

M

1.549-1.554
1.555-1.56C
1.561-1.566
1.567-1.573
1.574-1.579
1.580-1.585
1.586-1.591
1.592-1.598
1.599-1.604
1.605-1.61c
1.611-1.616
1.617-1.623
1.624-1.629
1.630-1.636
1.637-1.641
1.642-1.648
1.649-1.654
1.655-1.66c
1.661-1.666
1.667-1.672
1.673-1.679
1.680-1.685
1.686-1.691
1.692-1.697
1.689-1.704
1.705-1.710
1.711-1.716
1.717-1.722
1.723-1.729
1.730-1.735
1.736-1.741
1.742-1.747
1.748-1.754
1.755-1.760
1.761-1.766
1.767-1.772
1.773-1.779
1.780-1.785
1.786-1.791
1.792-1.797
1.798-1.8o4

Si M Si

25.5 1.805-1.81029.6
.6 1.811-1.816 .7
.7 1.817-1.822 .8
.8 1.823-1.829 .9
.9 1,830-1.83530.0

26.0 1.836-1.841 .1
.1 1.842-1.847 .2
.2 1.848-1.854 .3
.3 1.855-1.860 .4
.4 1.861-1.86630.5

26.5 1.867-1.872 .6
.6 1.873-1.879 .7
.7 1.880-1.885 .8
.8 1.886-1.891 .9
.9 1.892-1.69731.0

27.0 1.898-1.9o4 .1
.1 1.905-1.910 .2
.2 1.911-1.916 .3
.3 1.917-1.922 .4
.4 1.923-1.92931.5

27.5 1.930-1.935 .6
.6 1.936-1.941 .7
.7 1.942-1.947 .8
.8 1.948-1.954 .9
.9 1.955-1.96032.0

28.0 1.961-1.966 .1
.1 1.967-1.972 .2
.2 1.973-1.979 ;:
.3 1.980-1.985
,4 1.986-1.99132:~

28.5 1.992-1.997
.6 1.998-2.004 .7
.7 2.005-2.010 .8
.8 2.011-2.016 .9
,9 2.017-2.02233.0

29.0 2.023-2.029 .1
.1 2.030-2.035 .2
.2 2,036-2.041 .3
.3 2.042-2.047 .4
.4 2.048-2.05433.5

29.5 2.055-2.060 .6

H

2.061-2.066
2.067-2.072
2.073-2.079
2.080-2.085
2.086-2.091
2.092-2.097
2.098-2.104
2.105-2.110
2.111-2.116
2.117-2.122
2.123-2.129
2.130-2.135
2.136-2.141
2.142-2.147
2.148-2.154
2.155-2.160
2.161-2.166
2.167-2.172
2.173-2.179
2.180-2.185
2.186-2.191
2.192-2.197
2.198-2.204
2.205-2.210
2.211-2.216
2.217-2.222
2.223-2.229
2.230-2.235
2.236-2,241
2.242-2.247
2.248-2,254
2.255-2.260
2.261-2.266
2.267-2.273
2.274-2.279
2.280-2.285
2.286-2.291
2.292-2.298
2.299-2.3dl
2,305-2.310
2.311-2.316
2.317-2.322
2.323-2.328

‘1
Si

33.7
.8

34::
.1
.2

:;
34.5

.6
.

.1

.8

35::
.1

.

:;

35:;
.f

::

36:;
.1

:;
.4

36.j
.6

::

37:;
.1

:;

37::
.6
.7
.8
.9

. . . -n ,, ., r. , A c @ r?-1 l-n
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S2: Spain will carry out the impact sensitiveness test methods
(paragraph 24) according to national standard UNE 31-016-72.

IIK: The maximum size 0.42 mm (Table 1) .

SE: L’Espagne effectuera les modes op&atoires d’essai de
sensibility au choc d’apr~s la norme nationale LINE 31-016-72.

UK: La dimension maximum est 0,42 mm (Tableau 1) .
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